Objective: Lung hamartoma is the most frequently diagnosed benign lung tumor. The aim of this study was to investigate the clinical, radiological and pathological data of the patients with pulmonary hamartoma who underwent surgical treatment in our clinic.
INTRODUCTION
Hamartomas, presenting with a higher incidence in middle aged adults and predominantly in males, are the most frequently observed benign lung tumors that make up 4% of the total solitary pulmonary nodules 1 . Approximately 90% of pulmonary hamartomas are localized parenchymally and peripherally. Originating from the fibrous connective tissue of the bronchi, they consist of varying proportions of cartilaginous, osteoid, smooth muscle and adipose tissue; and the lesions are identified on the basis of the dominant tissue content such as the chondramatous, leiomyomatous, fibroleiomyomatous, lymphangiomatous or the adenofibromatous type 2 . Although they can arise in any part of the body, they are frequently observed in the lungs. Being mostly asymptomatic, they are often detected coincidentally by lung radiography 3 . We aimed in this study to discuss our clinical and surgical experience with lung hamartomas, a rare group of the solitary lung nodules.
METHODS
This study included 24 patients (14 males, 10 females) with a mean age of 50.6 years (23-66), who underwent surgical resection for pulmonary hamartomas between January 2005 and December 2017 in our hospital. All patients had two-directional lung radiography, and computerized thorax tomography. Malignancy was eliminated by histopathological examination of frozen sections. Patient records about their age, gender, clinical data, tumor localization, histopathological and radiological findings, and the applied surgical intervention were retrospectively reviewed.
Surgical techniques
All patients were operated under general anesthesia at the operating theatre. After placing patients on the operating table and inducing anesthesia, they were intubated using a double lumen tube. They were positioned on the operating table for a standard posterolateral thoracotomy incision, and they were scrubbed. Adjusted to the lateral decubitus position, the arm was suspended in abduction so that the scapula was maximally elevated. The table was tilted, and a 10 cm thick roll pillow was placed under the thoracic cage in order to maximally expose intercostal spaces. Using a single incision and 0° telescope for imaging (Karl Storz, Hopkins II telescopes with a diameter of 5 mm, a length of 29 cm, and a trocar size of 6 mm), wedge resections were performed using endo staplers. Entire pleura and pulmonary surfaces were examined following the operation. After performing a check for air leaks and hemostasis, a 28 F chest tube was placed through the incision site. All patients were extubated at the operating table and transferred to regular ward. Patients with pleural adhesions or tumor location not suitable for endoscopic resection were operated by thoracotomy opened through the 5th intercostal space at the same position. 
RESULTS
Of the 24 patients whose clinical data were evaluated, 17 (71%) were asymptomatic while 7 had complaints of coughing, shortness of breath, and repetitive lung infections. On the basis of the radiological and clinical findings, 14 (58%) were diagnosed with solitary pulmonary nodules; 7 (29%) with a mass in the lung ( Figure 1 ); and 3 (13%) with a metastatic lesion. In 71% of the cases the diameter of the lesions was less than 3 cm. The lesions were localized in the right lung in 16 cases and in the left lung in 8 cases. While 17 lesions were peripherally located, 7 lesions were centrally located.
Three patients underwent transthoracic fine needle aspiration (FNA) biopsy procedure before the surgery. Decision for surgery was made after excluding any cytopathology. Surgical intervention consisted of videothoracoscopic wedge resection in 71% of the cases and thoracotomy wedge resection in 29%. Hamartoma diagnoses were made after histopathological investigation of the excised tissue (Figure 2,3) . Postoperative morbidity or mortality was not recorded. 
DISCUSSION
Pulmonary hamartomas are the most frequently diagnosed benign lung tumors that affect 2-4 times more commonly males than females. Most cases are observed in patients between 40 and 70 years of age 4 . In our series the male to female ratio was 1.4, and the mean age of the patients was 50.6 years.
Connective, adipose and smooth muscle tissue embedded in a predominantly cartilaginous component can be seen in hamartomas 5 . Hamartomas often appear as solitary nodules and generally as single lesions in the periphery of the lung. Pulmonary hamartomas are categorized into two groups, namely the parenchymal and the endobronchial hamartomas 6 . In our series all lesions were of parenchymal origin, with 71% being peripherally localized. Endobronchial hamartomas were not observed in the small number of cases included in our study. Endobronchial hamartomas frequently cause coughing, hemoptysis and recurrent lung infections as compared to the peripherally localized and generally asymptomatic lesions, which are mostly detected coincidentally by lung radiography 7 . In most cases the diameter of a lesion is less than 3cm, although lesions as large as 25 cm and reaching 3.2 kg weight have been reported in the literature 5 . In our study 13 (54.2%) excised lesions had dimensions less than 3cm.
Pulmonary hamartomas have specific radiological characteristics facilitating their discrimination from malignancies, one of which is their fat content (up to 50%).Fat content in a lesion is a specific and reliable diagnostic marker for a hamartoma 8 . Another important feature of hamartomas is their calcification. Calcifications appearing as popcorn are characteristic for a hamartoma. However, such calcification can be observed in only 5-50% of all cases [9] [10] [11] . Although hamartomas display benign features due to these radiological characteristics, precise distinction between malignant and benign lesions can be made only after resection 12 .
At fludeoxyglucose positron emission tomography (PET-CT), most pulmonary hamartomas show no or very mild metabolic activity. In some cases, however, they can demonstrate active metabolism, which can raise the suspicion for malignancy, especially when dealing with lipid-poor pulmonary hamartomas [13] [14] [15] . PET-CT examination was not performed as part of radiological examination of our cases.
Hamartomas are tumors composed of mesenchymal tissues such as cartilage, fat, connective tissue and smooth muscle and can be found in virtually any organ system. These masses commonly develop sporadically but are also seen in certain syndromes such as Carney triad or tuberous sclerosis. Pulmonary hamartoma accompanied by gastric leiomyosarcoma and functional non-surrenal paraganglioma is termed as Carney triad 16, 17 . Cowden syndrome, the multiple hamartoma syndrome, is characterized by mucocutaneous lesions, multiple benign internal organ tumors, and an increased tendency for breast, thyroid, urogenital, and gastrointestinal system cancers 18 . Proteus syndrome include an asymmetric overgrowth of long bones, asymmetric macrocephaly, vertebral anomalies, hyperostosis, partial gigantism of hands or feet, cutaneous nevi, lipomas, and vascular malformations 19 . Pulmonary manifestations of tuberous sclerosis include lymphangioleiomyomatosis (LAM) that is characterized pathologically by a hamartomatous proliferation of smooth muscle-like cells in the lymphatics and small airways, leading to air trapping and extensive parenchymal replacement by cysts 20 . No clinical sign associated with the above described multiple hamartoma syndromes was observed in our cases.
Given the dense fibrocartilaginous consistency of pulmonary hamartomas, and difficulties during aspirating adequate material; and difficult interpretation of histopathological results makes diagnosis by means of FNA biopsy often inadequate. It has been shown that the incidence of correct diagnosis by FNA samples taken from hamartomas is lower than that with malignant lesions 21 . However, reports on the extent of diagnostic success after FNA is highly varied 22 . We performed FNA biopsy in three of our patients and after having eliminated any pathology, we decided proceeding with surgery. When non-surgical diagnostic tools are not possible, surgery becomes unavoidable. For patients diagnosed with a hamartoma preoperatively, surgery is not recommended until the lesion diameter increases over time. It is already known that the initial radiological appearance of 20%-30% of lung cancers resembles solitary pulmonary nodules. While considering these lesions benign, it should not be overlooked that they may coexist with other malignancies or may recur postoperatively. Therefore, postoperative follow-up of patients is imperative. In our series none of the cases presented with recurrence or lung cancer during a follow-up of 24 months.
In conclusion, pulmonary hamartomas mostly present as solitary nodules and appear as lesions with fat content and calcified foci. Definitive diagnosis as well as treatment of these lesions is possible only by surgical resection that is associated with a low level of morbidity and mortality risk 23 . During surgical intervention lung parenchyma should be protected as much as possible and the parenchyma outside the lesion location should be carefully investigated given the possibility of comorbidity of pulmonary hamartomas with malignancy. The patient should be put on postoperative follow up.
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